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Abstract 
Multiferroics (MFs), where ferroelectricity and ferromagneticity coexist and have 
strong cross-correlation between them, are attracting attention as the next generation 
multifunctional electronic device materials. MFs exhibit a magnetoelectric (ME) effect 
that enables electric polarization control by a magnetic field, and magnetic control by an 
electric field. This ME effect also enables the mutual conversion of electric and magnetic 
energy. In recent years, there has been intense research on composite MFs, which exhibit 
a relatively large ME effect at room temperature by combining ferroelectric and 
ferromagnetic materials. The issue with composite-type MF thin films is the strong 
clamping effect of the substrate, which inhibits the ME effect. Many researchers have 
attempted to reduce the clamping effect by controlling the morphology of ferroelectric 
and ferromagnetic material. Based on their findings, among composite-type MFs, it is 
known that the 1-3 type can be expected to reduce the clamping effect. However, most of 
these materials are synthesized by self-assembled crystal growth, so there are many 
problems with the reproducibility of the structure and its various properties. Therefore, 
we proposed a micropillar type MF composite thin film. The micropillar {microplate 
(MP) and microrod (MR)} structures were made by microfabrication of ferroelectric thin 
films using reactive ion etching (RIE).  
In this study, we attempted to fabricate micropillar-type MF composite thin films with 
the clamping effect reduced to the utmost by combining the high-temperature sputtering, 
the RIE, and the metal organic chemical vapor deposition (MOCVD) method. The ME 
effect of the obtained micropillar-type MF composite thin films were demonstrated, and 
effects of the shape and orientation of the ferroelectric micropillar on the ME effect were 
clarified. We also clarified the feasibility of a micropillar-type MF composite thin film 
device. This thesis is composed of Chapters 1−7. 
Chapter 1 described the background of this study, previous studies on MFs, and the 
purpose of this study. 
Chapter 2 described the fabrication of c-axis-oriented BNEuT thin films by high-
temperature sputtering and established the fabrication conditions. The films were grown 
heteroepitaxially on Pt/MgO substrates at 45 in-plane rotation angles. Judging from the 
structural, dielectric, ferroelectric, and piezoelectric characteristics, the optimal substrate 
temperature for heteroepitaxial growth of BNEuT films with a high α(00ℓ) of >97% and a 
comparatively large Pr of 2.0 μC/m
2 was 580°C. 
Chapter 3 described the successful fabrication of ferroelectric micropillars with a 
highly rectangular shape by RIE using the c-axis-oriented BNEuT films described in 
Chapter 2. It was found that stable anisotropic etching was possible depending on the Pt 
hard mask and its thickness, and the ideal pillar shape was obtained. When the mask 
thickness was 155 nm, high dimensional accuracy and straightness can be achieved 
without a reduction in etching rate. 
Chapter 4 described fabrication of CFO/BNEuT(00ℓ) composite films by MOCVD 
using the c-axis-oriented BNEuT MR structures described in Chapter 3, and the effects 
of substrate temperature and postannealing temperature on the properties of the composite 
films. It was found that the optimal substrate temperature was 550°C for obtaining good 
physical properties. Increasing the postannealing temperature improves the magnetic 
properties. On the other hand, at high temperature, volatilization of Bi in BNEuT causes 
a slight decrease in ferroelectricity. For MR-type CFO/BNEuT(00ℓ), a magnetoelectric 
voltage coefficient (ME) of 2.8 mV/cmOe was obtained at a postannealing temperature 
of 750°C. 
Chapter 5 described fabrication of MP- and MR-type CFO/BNEuT(h00) composite 
films by MOCVD based on the knowledge obtained in Chapters 3 and 4, using a-axis 
oriented BNEuT films. The effects of the deposition time and postannealing temperature 
on the physical properties of the composite films were investigated. It is clear that the 
magnetic properties were degraded due to partial thermal decomposition of the main 
phase and the formation of antiferromagnetic phases (α-Fe2O3 and Co3O4), when the post-
annealing temperature was near the melting point of Bi2O3. In addition, the 
ferroelectricity of CFO/BNEuT(h00) composite films decreased significantly with 
increasing postannealing temperature due to volatilization of Bi in BNEuT. From a 
comparison of MP-, MR- and lamination-type films, it was found that the MR-type post-
annealed at 700C had the lowest clamping effect and the largest room-temperature ME 
voltage coefficient (ME = 5.5 mV/cmOe).  
Chapter 6 described a comparison of the ME properties of a-axis- and c-axis- oriented 
MR-type CFO/BNEuT composite films, and it was found that the a-axis-oriented MR-
type CFO/BNEuT composite films exhibited a larger ME effect than the c-axis-oriented 
MR-type composite films. When the direction of the spontaneous polarization in the 
ferroelectric layer was perpendicular to the substrate, the composite MFs showed a large 
ME effect. The potential of the present micropillar-type MF composite thin films as 
magnetic sensor devices was demonstrated, and methods for further performance 
improvement were clarified. 
Chapter 7 described the summary of this study. 
 
